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Description 

This invention relates to the detection of the presence or absence of specific restriction sites in specific 
nucleic acid sequences using restriction endonuclease cleavage of an end-labeled oligonucleotide probe 

5 annealed to the sequence spanning the site(s). An example of the use of this detection system is a method 
and test kit wherein an oligonucleotide probe is used for the direct analysis of human P-globin genes in the 4 
detection of sickle cell anemia. 

In recent years the study of the molecular basis of hemoglobinopathies has made major 
advancements. Using sickle cell anemia and P-thalessemia as the model systems, researchers have 

to attempted to understand more fully the molecular basis for these genetic diseases and to develop direct 
means of prenatal diagnosis. 

Prior to 1981, work in this area centered on the study of restriction fragment length polymorphisms 
(RFLP). Researchers found that cleavage of the nucleotide sequences using site-specific restriction 
endonucleases yielded DNA fragments of defined length. Kan and Dozy, PNAS (1978) 75:5631—5635 

is reported RFLP's produced by Hpa\ cleavage of human p-globin genes, indicating a correlation between the 
13.0 kb variant of the normal 7.6 kb fragment and the sickle cell mutation. This method of linkage analysis, 
though very useful, requires analysis of family members and even then is frequently unable to distinguish * 
between normal and mutant genes. Because linkage analysis is based on the cosegregation of RFLP's 
associated with a specific disease within a family, the analysis is limited or inconclusive in cases where 

20 family studies are incomplete or unavailable. 

In 1981, Geever, et al., PNAS (1981) 78:5081—5085 first reported a direct means for diagnosing sickle 
ceil anemia which did not rely upon linkage analysis. This represented a major improvement in the 
diagnostic methods available since family studies would no longer be required in order the complete the 
analysis. Geever, et a I. reported the use of a restriction endonuclease Dde\ which recognizes the nucleotide 

25 base sequence "CTNAG" (where N is any base) for direct analysis of sickle cell anemia. The Dde\ 
recognition site is abolished by the mutation (A to T) in the sickle cell allele of the P-globin gene. The results 
of this research indicated that use of such a specific endonuclease will result in the formation of restriction 
fragments varied in length dependent upon whether the mutation causing sickle cell anemia is present. A 
detailed description of the methods used by Geever, et al. for this direct analysis for sickle cell anemia is 

30 found in U.S. Patent 4,395,486 issued July 26, 1983. 

An improvement in the method of Geever, et al. is described by Orkin, et al., N. Engl. J. Med. (1982) 
307:32—36. This method differs from Geever, et al. in the use of a restriction enzyme MstW which also 
cleaves normal DNA but not sickle cell DNA. MstW generates larger fragments than those obtained with 
Dbe\, and use of MstW eliminates some of the limitations present in the Geever, et ai. method. Specifically, 

35 the modification by Orkin, et al. allows for the direct analysis of the sickle cell gene without the necessity of 
identifying the small DNA fragments resulting from digestion with Ddel Further, it enables direct analysis 
of cells obtained directly from uncultured amniotic fluid. 

Additional improvements on the method of direct analysis of sickle cell anemia are described by 
Conner, et al., PNAS (1983) 80: 278—282. In this article, a general method for the dignosis of any genetic 

40 disease which involves a point mutation in the DNA sequence is described. The model system tested is the 
P-globin gene associated sickle cell anemia; however, other similar methods {Nature (1983), 304:230—234) 
have been used for prenatal diagnosis of a1 -antitrypsin deficiency. The techniques as applied to both sickle 
cell anemia and a1 -antitrypsin employ the use of a 19 base length oligodeoxy ribonucleotide probe 
(19-mer). In the analysis of sickle cell anemia using the Conner et al. method, distinguishing between the 

45 normal p-globin gene and the sickle cell mutant requires specific probes approximately 19 bases in length 
and containing the single point mutation. This method is especially useful in the detection of a1 -antitrypsin 
deficiency, since such a deficiency cannot be readily diagnosed by RFLP due to lack of restriction enzymes 
that yield clinically informative polymorphic patterns. 

A drawback to the Conner, et al. method is the limitation inherent in using a 19 base oligomer probe. _ 

so The distinction between the allelic variants is based on the thermal stability of the duplex formed between /" 
the genomic DNA and the synthetic oligodeoxyribonucleotide (19-mer) probe. Oligodeoxy ribonucleotides 
much larger than the 19 base oligomer will not be sufficiently destabilized by a single base mismatch and 
so this approach cannot utilize probes substantially longer than 19 bases. However, given the complexity of 
genomic DNA, a 19-mer probe will hybridize to many DNA sequences in addition to the specific p-globin 

55 DNA sequence. This problem necessitates a gel electrophoretic step in which the P-globin fragment 
produced by digestion with a restriction endonuclease is separated from all the other fragments which 
hybridize to the probe. This step is essential in physically separating the "signal" (P-globin) from the 
"noise". 

Once the fragments have been separated, the gel is dried followed by "in situ" hybridization of the 
so- probe to the electrophoretically separated fragments. Such manipulations of the gel are time consuming 
and present a technically difficult method of analysis. 

As discussed, the references cited describe a direct method for the detection of genetic diseases using 
restriction fragment length polymorphisms (RFLP) or differential hybridization; however, they are limited 
in their applicability to routine clinical testing because of the complexity and sophistication required to 
55 carry out the analysis. The present invention overcomes these limitations by describing a fast yet sensitive 
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method for detecting the presence or absence of specific polymorphic (as well as non-polymorphic) 
restriction sites. The method can be applied to genetic disorders capable of prenatal diagnosis such as 
sickle cell anemia or other genetic disorders where a polymorphic restriction site is clinically informative. 
The European Patent application EP— A— 0142299 (published on 22.05.85) discloses a method of 
s measuring a polynucleotide which comprises the steps of: 

a) hybridizing a single stranded polynucleotide to be determined with an immobilized labeled 
single-stranded probe; 

b) digesting the resulting double-stranded molecule with one or more restriction enzymes specific for 
double-stranded polynucleotides. 

to c) separating and assaying the labeled material. 

A kit is also disclosed for performing said method. 

The present invention overcomes the disadvantages associated with the techniques discussed above 
by introducing a method for detecting the presence or absence of a specific restriction site in a specific 
nucleic acid sequence, through the use of specially designed oligonucleotide probes. 
is One embodiment of the present invention relates to a method for detecting the presence or absence of 
at least one specific restriction site in a specific nucleic acid sequence comprising the steps of: 

(a) hybridizing said nucleic acid sequence with a non-immobilized oligonucleotide probe of sufficient 
length to obtain specific hybridization under stringent conditions for each restriction site beng detected 
which probe is complementary to a region in said nucleic acid sequence spanning the respective restriction 

20 site of the probe and which probe is labeled at the end nearer said respective restriction site; 

(b) digesting said hybridized nucleic acid sequence with a restriction endonuclease for each probe 
which is capable of cleaving its respective probe at said restriction site being detected so as to produce 
labeled and unlabeled oligomer fragments, where the label is the same as that on the probe; 

(c) separating any labeled cleaved oligomer fragments from labeled uncleaved oligomers, and 
25 (d) detecting the presence or absence of labeled oligomer fragments. 

Where sufficient background signals exist in the hybridization step (a), after step (a) and before 
digestion step (b) there are included two additional steps: adding to the hybridization mixture of step (a) an 
unlabeled blocking oligomer complementary to each oligonucleotide probe except for at least one base 
pair mismatch at each restriction site being detected; and hybridizing the hybridization mixture in the 

30 presence of said blocking oligomer. 

The specific oligonucleotide probe is chosen so as to span the informative restriction site of the nucleic 
acid sequence of interest, which is generally associated with a particular disease such as infectious or 
genetic diseases. In the case of sickle cell anemia, oligonucleotide probes of about 40 bases in length have 
been found to be effective, although probes which are shorter or longer may also be utilized. The probe is 

35 labeled at one end and is designed so that the restriction site of interest is nearer to that labeled end than to 
the unlabeled end. The label may include any suitable label known to those skilled in the art, including 
radioactive and non-radioactive labels. Typical radioactive labels include 32 P, ,25 l, 3S S or the like. 
Non-radioactive labels include, for example, ligands such as biotin or thyroxine, as well as enzymes such as 
hydrolases or peroxidases, or the various chemiluminescers such as luciferin, or fluorescent compounds 

40 like fluorescein and its derivatives. The probe may also be labeled at both ends with different types of labels 
for ease of separation, as, for example, by using an isotopic label at the end mentioned above and a biotin 
label at the other end. 

A preferred embodiment of the invention is a method for detecting the presence or absence of one or 
both alleles associated with a polymeric restriction site in a specific nucleic acid sequence comprising the 
45 steps of: 

(a) hybridizing said nucleic acid sequence with an oligonucleotide probe of sufficient length to obtain 
specific hybridization under stringent conditions which is complementary to a region in said nucleic acid 
spanning a first restriction site present in only one allele and a second restriction site common to both 
alleles, and which probe is labeled at the end which is nearer to one of said restriction sites (and where 

so there are sufficient background signals, adding to the hybridized mixture an unlabeled blocking oligomer 
complementary to said probe except for at least one base pair mismatch at said restriction site, and 
hybridizing again in the presence of the blocking oligomer); 

(b) digesting said hybridized nucleic acid with a first restriction endonuclease which is capable of 
cleaving said probe only at said first restriction site so as to produce labeled and unlabeled oligomer 

55 fragments, where the label is the same as that on the probe; 

(c) digesting said digest from step (b) with a second restriction endonuclease which is capable of 
cleaving said probe only at said second restriction site so as to produce labeled and unlabeled oligomer 
fragments, where the label is the same as that on the probe; 

(d) separating any labeled cleaved oligomer fragments from uncleaved oligomers; and 

60 (e) detecting the presence or absence of labeled fragments of particular base lengths consistent with 
cleavage by the first or second restriction endonucleases. 

Yet another embodiment of the invention relates to a diagnostic kit for the prenatal detection of sickle 
ceil anemia comprising (a) a non-immobilized specific 40-base oligodeoxyribonucleotide probe 
complementary to normal 0-globin ((3 A ) at the restriction site of interest which probe is labeled at the end 

65 nearer said restriction site, (b) restriction enzyme Dde\ (and Hinf\ if sequential digestion is used), and 
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optionaiiy appropriate reference controls, means for detecting the labeled oligomers so formed, and, if 
necessary for detection, a specific blocking oligomer complementary to the probe. This kit results in a rapid 
yet sensitive assay for prenatal diagnosis of sickle cell anemia, which is greatly improved over the complex 
RFLP assay which requires sophisticated manipulation. 
5 Figure 1 illustrates the sequence of a synthetic 40-base length oiigodeoxyribonucleotide probe specific 
for the coding strand of normal p-globin (designated hereafter as HE09) and a complementary blocking 
oligomer (designated hereafter as HE1 0) used if necessary to minimize the non-specific hybridization of the 
labeled probe. 

Figure 2 illustrates the results obtained when the probe HE09 is hybridized to normal P-globin and to 
10 sickle ceil p-globin containing the single base mismatch, each hybridization being followed by treatment 
with restriction enzyme Dde\. 

Figure 3 illustrates the comparison of normal p-globin, sickle cell p-globin, and normal S-globin 
sequences indicating the restriction sites for Dde\ and SfaH\ resulting from single base differences. 
Rgure 4 illustrates the effect of treating genomic DNA with restriction enzyme S/aNI prior to annealing 
is to the probe HE09. 

Rgure 5 illustrates an autoradiograph indicating results obtained when cloned genes are treated with 
Alu\ or SfaHi prior to annealing to the probe HE09. 

Figure 6 illustrates an autoradiograph indicating results obtained when genomic reconstructions of the 
normal p-globin gene at increasing copy numbers per diploid cell are hybridized to the probe HE09. 

20 Rgure 7 illustrates a comparison of the probe HE09, which is matched to the beta-globin gene with one 
mismatch and is perfectly matched to the delta-globin gene, and probe HE1 1, which is perfectly matched to 
the beta-globin gene but has five mismatches with the delta-globin gene. HE09 anneals to the (+) strand of 
both genes, whereas HE1 1 anneals to the (-) strand of both genes. Figure 7 also identifies the sequence of 
HE12, the blocking oligomer specific for HE11. 

25 Rgure 8 illustrates the results obtained when a positive control oligonucleotide (GH1 1 ) is hybridized to 
normal p-globin followed by treatment with restriction enzyme Dde\ to produce a labeled hexamer. The 
oligonucleotide GH11 anneals to the (+) strand of the p-globin gene approximately 350 bases downstream 
from the oiigodeoxyribonucleotide probe HE1 1 . The asterisk represents the radioactive tag at the 5' -end of 
the molecule and the bar indicates the invariant Dde\ site CTGAG. Figure 8 also illustrates the region of 

30 5-globin which hybridizes to GH1 1. GH1 1 exhibits some homology to the (+) strand of 5-globin, but the six 
mismatches which exist are sufficient to prevent any significant hybridization under the conditions 
employed in the reaction. In addition, Figure 8 identifies the sequence of GH12, the block oligomer specific 
for GH11. 

Rgure 9 illustrates an autoradiograph indicating results obtained when genomic DNA isolated from 
35 clinical samples is hybridized to probe HE11 and positive control GH11. 

Figure 10 illustrates the sequence of normal (P A ) and sickle cell (P s ) p-globin genes in the region of the 
Dde\ site (single line) and Hini\ site (double line). 

Figure 11 illustrates a comparison of probe HE11 with probe RS06, which is derived from HE11 by 
shifting the sequence five bases to span the Hirrfl site. The asterisk represents the radioactive tag at the 5' 
40 end of the molecule. Figure 1 1 also indicates how RS06 anneals to the negative strand of the normal gene, 
reforming the Hirrf\ site (double line) and the Dde\ site (single line). In addition, Figure 11 identifies the 
sequence of RS10, the blocking oligomer specific for RS06. 

Figure 12 illustrates the results obtained when probe RS06 is hybridized to normal p-globin followed by 
sequential digestion with Dde\ and Hinft to produce a labeled octamer. 
45 Rgure 13 illustrates the results obtained when probe RS06 is hybridized to sickle p-globin followed by 
sequential digestion with Dde\ and tf/nfi to produce a labeled trimer. 

Rgure 14 illustrates an autoradiograph indicating results obtained when genomic DNA isolated from 
cell lines and amplified using two oiigodeoxyribonucleotide primers is hybridized to probe RS06 and 
sequentially digested with Dde\ and Hini\, respectively. 
so The term "oligonucleotide" as used herein in referring to probes, oligomer fragments to be detected, 
oligomer controls, unlabeled blocking oligomers and primers for amplification of sequences is defined as a 
molecule comprised of more than three deoxy ribonucleotides or ribonucleotides. Its exact size will depend 
on many factors, which in turn depend on the ultimate function or use of the oligonucleotide. 

As used herein, the terms "restriction endonucleases" and "restriction enzymes" refer to bacterial 
55 enzymes each of which cut double-stranded DNA at or near a specific nucleotide sequence. 

As used herein, the term "DNA polymorphism" refers to the condition in which two or more different 
nucleotide sequences can exist at a particular site in DNA. 

As used herein, the term "restriction fragment length polymorphism" ("RFLP") refers to the 
differences among individuals in the lengths of a particular restriction fragment. 
so As used herein, the term "sufficient background signals" refers to signals caused by occasional 
cross-hybridization of the oligonucleotide probe to non-specific genomic sequences and subsequent 
cleavage by the restriction endonuclease occurring at a frequency sufficient to interfere with the detection 
of the correct signals. 

The nucleic acid which may be employed herein may be derived from any source(s), including 
55 organisms, provided that it contain the particular restriction site or sites of interest within a given nucleic 
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acid sequence. Thus, the process may employ pure DNA or RNA which is single or double stranded or a 
DNA-RNA hybrid or a mixture of nucleic acids, provided they can be cut by restriction endonucleases 
corresponding to the specific restriction site(s) of interest Sources include, e.g., plasmids such as pBR322, 
cloned DNA or RNA, or genomic DNA or RNA from any source, including bacteria, yeasts, viruses, and 

5 higher organisms such as plants, birds, reptiles and mammals. Preferably the source is DNA, most 
preferably genomic DNA. 

Genomic DNA may be prepared from blood, urine, tissue material such as chorionic villi or amniotic 
cells by a variety of techniques (such as that described by Maniatis, et al., Molecular Cloning, (1982) 
280—281). If necessary or desired to lower the viscosity, the sample of prepared human DNA to be 

to analyzed may be physically sheared or digested using a specific restriction endonuclease. 

The nucleic acid may be used as is or the sequence it contains can be amplified to increase sensitivity 
as described hereafter in an example. 

Once the nucleic acid of interest is ready for use, an oligonucleotide probe containing a region 
complementary to the restriction site(s) of interest is added, for each different restriction site present, 

w preferably in molar excess. It is then allowed to anneal to its complementary sequence(s) in the nucleic 
acid. The end-labeled oligonucleotide probe used is designed to span the restriction site with the labeled 
end nearer to the restriction site of interest and to be of sufficient length to obtain specific hybridization 
under stringent conditions. The probe is preferably an oligodeoxyribonucleotide probe. 

The use of the specific oligonucleotide probe which is annealed to the nucleic acid of interest varies 

20 significantly from the methods known in the art for oligomer hybridization. In the previously described 
methods, the DNA probes are added after the DNA has been digested by a restriction enzyme, size 
fractionated, and immobilized on a solid support such as an agarose, gel or a filter membrane. In the 
present invention, the oligonucleotide probe has two functions: 1) to identify by solution hybridization the 
particular sequence of the nucleic acid of interest and 2) to act as the substrate for the restriction enzyme 

25 once it is annealed to the nucleic acid. 

As discussed above, if there are sufficient background signals, after hybridization an unlabeled 
oligonucleotide (blocking oligomer) may be added to the reaction mixture which is specific for the probe 
utilized. This oligomer is complementary to the probe but has at least one base pair mismatch within each 
restriction site being detected, so that the labeled probe not already hybridized to the nucleic acid will 

30 hybridize to the blocking oligomer and therefore will not be cleaved by digestion with the restriction 
enzyme(s) recognizing each restriction site being detected. The function of the blocking oligomer is to 
eliminate the non-specific hybridization of any excess labeled probe to the non-polymorphic nucleic acid 
fragments under the conditions of reduced stringency necessary for the action of the subsequently added 
restriction enzyme. The number of base pair mismatches within each restriction site will depend mainly on 

35 the position of the restriction site within the probe. 

After addition of the blocking oligomer, the reaction mixture is again subjected to hybridization 
conditions which are generally the same as those used in the first hybridization step, but usually for a 
shorter period of time. If a labeled positive control is present during the first hybridization step, it may be 
necessary to add an unlabeled blocking oligomer specific for the positive control, which unlabeled blocking 

40 oligomer contains at least one base pair mismatch within each restriction site being detected. The blocking 
oligomer will eliminate any excess labeled positive control. Such blocking oligomer can be added at the 
same time as the blocking oligomer for the probe. 

Digestion of the duplex of oligonucleotide probe and nucleic acid with the appropriate restriction 
enzyme under suitable digestion conditions will cleave only those oligomers that have hybridized to the 

45 prepared nucleic acid and have reformed the restriction site. Since that site is near the labeled.end of the 
oligonucleotide probe, the products of the digestion will include a very short piece of the labeled probe, 
provided the nucleic acid sequence is capable of being cleaved by the restriction enzyme being used. 

The resulting mixture of labeled cut and uncut oligomers can be separated by any suitable separation 
technique, including addition of avidin to probes which are biotinylated on the other end, polyacrylamide 

so gel electrophoresis and thin-layer chromatography. Analysis of the oligomer restriction products by 
thin-layer chromatography is useful for cloned genes. For genomic DNA, however, polyacrylamide gel is 
electrophoresis, using, e.g., a 30% gel, is superior because it develops faster, has greater resolution 
sufficient to separate small oligomers visually, and is more sensitive with less background streaking of the 
intact probe so that less genomic DNA is necessary to create a detectable signal. The technique is adding 

55 avidin to a biotinylated probe having a different label on the end nearer the restriction site described above 
may also be very effective in separating the uncleaved probe from the labeled fragment(s). 

Depending upon the type of label used for labeling the probe end nearer to the restriction site of 
interest, the separated fragments can then be detected by, for example, autoradiography, or other methods 
of detection such as fluorescence or chemiluminescence. 

60 A practical application of this technique can be seen in its use for the detection of sickle cell anemia. 
Sickle cell anemia is a hemoglobin disease that is caused by a single base pair change, adenine to thymine, 
in the sixth codon of the (3-globin gene. Normal p-globin ((3 A ) contains a restriction site for the restriction 
enzyme Dde\ that spans the fifth and sixth codons. The general recognition sequence for Dde\ is CTNAG, 
where N represents any nucleotide. For normal P-globin the specific sequence is CTGAG. In the case of 

65 sickle cell fi-giobin (0 s ), the mutation changes the five base sequence to CTGTG which is no longer a 
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cleavage site for Ddel Thus, the DNA of the normal p-globin gene is cleaved in its fifth codon by Ddel but 
the same position in the sickle cell allele is not cut by the enzyme. It is to be noted that alternative restriction 
enzymes which serve the same purpose may be used in place of Ddel such as, e.g., Mstto, Cvnl or Saul 
A 40 base oligodeoxy ribonucleotide probe (40-mer) (probe HE09) which is complementary to a region 

5 of the normal p-globin gene containing the polymorphic Dde\ restriction site may be synthesized and. 
labeled at its 5' end. The labeled probe may then be added to genomic DNA, preferably in molar excess, 
and allowed to anneal to its complementary sequence in the DNA. A positive and/or negative control may 
be present in the hybridization mixture if necessary to ensure meaningful results. 

After the hybridization, an unlabeled 40 base length oligodeoxy ribonucleotide (blocking oligomer) 

10 (HE10) complementary to the probe but with a mismatch within the Ddel site so that the labeled probe 
which hybridizes to the blocking oligomer will not be cleaved by Dde\ digestion (Figure 1 ) may be added to 
the reaction mixture. The mixture is then subjected to the same hybridization conditions for a lesser period 
of time. 

The hybridization mixture is then digested with Dde\ or an equivalent restriction enzyme. Following 

15 this treatment with the restriction enzyme, the cut and uncut labeled oligomers can be rapidly separated as 
described above and visualized by an appropriate technique. 

Figure 2 provides graphic examples of the resulting labeled oligomers when this type of analysis is 
performed on the normal p-globin and sickle cell p-globin genes. Normal p-globin, which retains the Dde\ 
restriction site, is cleaved by the enzyme and results in the formation of a labeled trimer (3-mer), while the 

20 equivalent portion of the sickle cell 3-globin gene is not cut by Ddel so that the probe remains intact 
Depending on the particular probe utilized, it may be necessary to treat the DNA of interest with the 
restriction enzyme SfaHl prior to its being annealed with the probe. This will be required when the probe 
. cross-hybridizes to the 5-globin gene of the human genome which always reforms the Dde\ restriction site, 
as in the case of probe HE09. Figure 3 shows the single base differences among normal p-globin, sickle cell 

25 p-globin and 5-globin and their respective Ddel or SfaHl sites. For assurance that the resulting oligomers 
reflect the restriction site present only in the normal p-globin gene (to avoid false positive results), the Ddel 
site in 5-globin must be removed if such a probe is used. 

The enzyme SfeNI can be used to remove the Ddel site from 5-globin. The SfaHl (GCATC) site is 
present at position 23 — 27 in 5-globin but not in normal p-globin or sickle cell P-globin due to the difference 

30 at base 26 (Figure 3). Since SfaHi cuts 5 and 9 bases "downstream" of its recognition site, the effect of 
SfaHl digestion is to remove the Ddel site, if the genomic DNA is digested with this enzyme before being 
annealed to the oligodeoxyribonucleotide probe which crossreacts with 5-globin, the probe will be unable 
to reform the Ddei site with 5-globin thereby assuring that the 3-mer formed in the process is due solely to 
the probe being annealed to normal p-globin. Figure 4 provides a comparison among the three forms of 

35 globin after treatment with SfaHl indicating the lack of the Ddel site except for normal p-globin. Digestion 
with Ddel would, therefore, result in the formation of a 3-mer only with normal p-globin, confirming that 
the assay is definitive for detecting normal p-globin. In this manner patients who are normal (p A p A ) or 
carriers of the sickle cell allele (P A p s ) will be differentiated from patients having sickle cell anemia (P 8 p s ). 
In a preferred embodiment the probe does not cross-hybridize to the 5-globin gene so that 

40 predigestion of the genomic DNA with SfaHl to inactivate the 5-gene is not required. SfeNI is an expensive 
enzyme and is available only in dilute concentrations. An example of a probe which is specific for the 
P-globin gene but forms five mismatches with 5-globin is shown as HE11 in Figure 7. It is compared to 
probe HE09 which hybridizes very well to both globin genes. The five mismatches are sufficiently 
destablizing to prevent probe HE11 from hybridizing to the 5-globin gene. Rgure 7 also shows the 

45 relationship between HE1 1 and its specific blocking oligomer, designated HE1 2. The base pair mismatch is 
located within the Ddel site and prevents cleavage of the HE11/HE12 hybrid by that enzyme. 

A labeled positive control oligonucleotide (oligomer) may be added to the hybridization mixture 
containing the probe to ensure that the lack of a signal is not due to an error in performing the test. For 
example, the P-globin gene contains several invariant (non-polymorphic) 0o*el sites, which, unlike the 

so polymorphic Ddel sites associated with sickle cell anemia, are always present in the P-globin gene. A 
positive control oligomer can be designed which anneals to the region surrounding one of these 
non-polymorphic Ddel sites and is labeled at the end nearer the non-polymorphic Ddel site. When it is 
added to the hybridization mixture, it serves as an internal positive control for the hybridization and 
digestion of the probe. 

55 Rgure 8 illustrates a labeled 40-mer positive control, designated GH11, specific for probe HE11, which 
anneals to the (+) strand of the p-globin gene approximately 350 bases downstream from the probe HE1 1 . 
Upon digestion of the annealing mixture of GH11 and p-globin with Ddel a labeled hexamer (6-mer) is 
generated. This positive control is specific for p-globin and, as shown in Figure 8, does not significantly 
anneal to 5-globin due to six base pair mismatches. Figure 8 also shows the relationship between GH1 1 

eo and its specific blocking oligomer, designated GH1 2. The base pair mismatch is located within the Ddel site 
and prevents cleavage of the GH11/GH12 hybrid by that enzyme. 

This positive control oligomer is particularly important for testing genomic DNA which could be 
homozygous for the sickle cell allele. If this were the case, the oligonucleotide probe will not be cleaved by 
Ddel because the probe cannot reform the Ddel site when it anneals to the sickle cell p-globin gene. Without 

65 a positive control, however, it is difficult to exclude the possibility that no signal is caused by an error in 
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testing. The blocking oligomer for the positive control is added to tha reaction mixture along with the 
blocking oligomer for the probe after hybridization of the probe with the DNA in the presence of the 
positive control. The function of such blocking oligomer is to eliminate any excess positive control present 
in the hybridization mixture. 

5 In a most preferred embodiment, for detection of genetic diseases caused by a single base pair 
mutation in a sequence, a sequential digestion technique is used to determine directly and positively the 
nature of the alleles, i.e., whether the genotype is normal, mutant or carrier. The oligodeoxyribunucleotide 
probe HE11 mentioned above could directly detect the normal 3-globin gene but not the sickle cell allele. 
This is because the trimer signal is generated only when the probe anneals to the normal gene and reforms 

w the Dde\ site. No oligomer cleavage product is produced when the HE1 1 probe hybridizes to the sickle cell 
sequence, so that the absence of a signal indicates the presence of the sickle cell gene. Consequently, the 
identification of the clinically significant sickle cell individual (SS) is made by the absence of any specific 
signal. 

Furthermore, using the probe HE1 1 it is difficult to distinguish normal individuals (AA) from those who 

15 carry the sickle cell trait (AS), since a trimer signal is produced in each case. (In principle, the signal 
intensity of an AA individual should be twice that of an AS patient due to gene dosage. In practice, 
however, intensity differences are difficult to rely on unless very careful techniques are employed). 

A new method and probe, designated RS06, were developed to overcome these problems. The probe 
is capable of distinguishing between normal and sickle cell sequences by generating different signal 

20 fragments depending on the particular allele to which it is annealed— an octamer if RS06 anneals to the 
normal gene or a trimer if it binds to the sickle cell gene. This procedure relies on an invariant Hinii site in 
the p-globin gene which is immediately adjacent to the polymorphic Dde\ site (Figure 10). The 40-base 
RS06 probe, which is closely related to probe HE11, spans both of these restriction sites (Figure 1 1 ). Figure 
1 1 also shows the relationship between RS06 and its specific blocking oligomer, RS10. The single base pair 

25 mismatch located within the Hinf\ site and the double mismatches within the Dde\ site prevent cleavage of 
the RS06/RS10 hybrid by those enzymes. 

In outline, the method involves annealing the labeled probe to the p-globin sequences and then 
digesting with Ddel All RS06 molecules that have annealed to normal p-globin genes will reform the Dde\ 
site and be cleaved by the enzyme, producing a labeled octamer (Figure 12). Those probe molecules that 

30 hybridize to the sickle cell sequence do not reform the Dde\ site and, of course, are not cut by that enzyme. 
With the subsequent addition of of Hinf\ to the reaction, all oligomers that remain bound to the sickle cell 
gene will be restricted by Hmft and a labeled trimer will result (Figure 13). 

The probe RS06 does not require a labeled positive control nor a blocking oligomer for the control 
because the positive control is built into the probe. 

35 On a stoichiometric basis, a normal individual (AA) will generate two octamers; a sickle cell carrier 
(AS), one octamer and one trimer; and a sickle cell individual (AA), two trimers. Thus, a specific signal is 
associated with the presence of the sickle cell allele and differentiation between AA and AS genotypes is 
now possible. 

The method herein may also be used to detect the presence of specific invariant (nonpolymorphic) 
40 restriction sites in specific nucleic acid sequences associated with diseases such as infectious diseases. 
Examples of infectious diseases include those caused by bacterial organisms such as Salmonella, 
Chlamydia, gonorrhea, Legionella, etc.; viral organisms such as hepatitis and RNA viruses; parasitic 
organisms such as malaria; and other related organisms. In addition, the method herein may be used to 
detect the absence of specific genes (e.g., a-globin) for the clinical diagnosis of a-thalassemia or the 
45 presence of 1—3 copies of a-globin, and the mutation or amplification of specific genes such as the 
conversion of proto-oncogenes to oncogenes. For example, the n-myc gene has been shown to be 
amplified in a variety of cancers. 

The following examples are offered by way of illustration are not intended to limit the invention in any 
manner. In these examples all percentages are by weight if for solids and by volume if for liquids and all 
so temperatures are in degrees Celsius unless otherwise noted. 



Example I 

Use of cloned genes to illustrate the principle of the method for detecting polymorphic restriction sites. 

55 Synthesis of oligodeoxy ribonucleotides 

Automated Synthesis Procedures: The diethylphosphoramidites, synthesized according to Beaucage 
and Caruthers {Tetrahedron Letters (1981) 22:1859—1862), were sequentially condensed to a nucleoside 
derivatized controlled pore glass support using a Biosearch SAM-1. The procedure included detritylation 
with trichloroacetic acid in dichloromethane, condensation using benzotriazole as activating proton donor, 

& and capping with acetic anhydride and dimethylamtnopyridine in tetrahydrofuran and pyridine. Cycle time 
was approximately 30 minutes. Yields at each step were essentially quantitative and were determined by 
collection and spectroscopic examination of the dimethoxytrityl alcohol released during detritylation. 

Oligodeoxyribonucleotide Deprotection and Purification Procedures: The solid support was removed 
from the column and exposed to 1 ml concentrated ammonium hydroxide at room temperature for four 

65 hours in a closed tube. The support was then removed by filtration and the solution containing the partially 
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protected oligodeoxyribonucleotide was brought to 55°C for five hours. Ammonia was removed and the 
residue was applied to a preparative polyacrylamide gel. Electrophoresis was carried out at 30 voits/cm for 
90 minutes after which the band containing the product was identified by UV shadowing of a fluorescent 
plate. The band was excised and eiuted with 1 ml distilled water overnight at 4°C. This solution was applied 
5 to an Altech RP18® column and eiuted with a 7—13% gradient of acetonitrile in 1% ammonium acetate 
buffer at pH 6.0. The elution was monitored by UV absorbs nee at 260 nm and the appropriate fraction 
collected, quantitated by UV absorbance in a fixed volume and evaporated to dryness at room temperature 
in a vacuum centrifuge. 

Characterization of Oligodeoxyribonucleotides: Test aliquots of the purified oligodeoxyribonu- 
10 cleotides were labeled with polynucleotide kinase and y-^P-ATP. The labeled compounds were 
examined by autoradiography of 14 — 20% polyacrylamide gels after electrophoresis for 45 minutes at 50 
volts/cm. This procedure verifies the molecular weight. Base composition was determined by digestion of 
the oligodeoxyribonucleotide to nucleosides by use of venom diesterase and bacterial alkaline 
phosphatase and subsequent separation and quantitation of the derived nucleosides using a reversed 
75 phase HPLC column and a 10% acetonitrile, 1% ammonium acetate mobile phase. 



Phosphorylation of synthetic oligodeoxyribonucleotide probe 

The synthetic oligodeoxyribonucleotide probe of 40 bases in length, in the amount of 10 pmole, was 

20 labeled at the 5'-end with two units of T4 polynucleotide kinase (New England Bioiabs) and 50 pmole 
y- 32 P-ATP (New England Nuclear, 3000 Ci/mmole) in a 40 pi reaction volume containing 70 mM Tris (pH 
7.6), 100 mM NaCI, 10 mM MgCI 2 , and 10 mM 2-mercaptoethanol for one hour at 37°C. The volume was 
then adjusted to 100 ul with Tris-EDTA (TE) buffer (10 mM Tris buffer, 0.1 mM EDTA, pH 8.0) and the 
oligomer separated from the unincorporated ATP by spin dialysis in a 1 ml Bio Gel P-4 column (Bio Rad) 

25 equilibrated with TE buffer. (Maniatis, et al., Molecular Cloning (1982) 464—465). TCA precipitation of the 
reaction products before and after spin dialysis indicated that 70—60% of the probe oligomers were 
labeled and that 70% of the applied material was recovered from the column. The concentration of the 
kinased oligodeoxyribonucleotide probe was adjusted to 20 pmole/ml with TE buffer. 

30 Construction of cloned globin genes 

A 1.9 kb BamHl fragment of the normal p-globin gene was isolated from the cosmid pFC11 described 
by F. Collins et al., PNAS, 81, 4894—4898 (1984) and inserted into the BamHl site of pBR328 (Soberon, et al., 
Gene (1980) 9:287—305). This fragment, which encompasses the region that hybridizes to the synthetic 
40-mer probe, includes the first and second exons, first intron, and 5' flanking sequences of the gene (Lawn 

35 et al., Ce//(1978) 15:1157—1 174). This clone was designated pBR328::p A -1.9 (abbreviated to pBR:p A ). ATCC 
No. 39,698, deposited May 25, 1984. 

The corresponding 1.9 kb BamHl fragment of the sickle cell allele of p-globin was isolated from the 
cosmid pFC12 described by F. Collins et al., supra, and cloned as above. This clone was designated 
pBR328::p s -1.9 (abbreviated to pBR:P s ). ATCC No. 39,699 deposited May 25, 1984. 

40 A similar 1.4 kb EcoRUBamHl fragment of the normal 5-globin gene was isolated from pFC12 and 
cloned into the EcoRUBamHl site of pBR328. This fragment spans the region of the 6-globin gene that 
cross-hybridizes to the probe and includes the first exon and 5' flanking sequences of the gene (Lawn et al.. 
Cell (1978) 15:1157—1174). This clone was designated pBR 328::5-1.4 (abbreviated to pBR:6). ATCC No. 
39,700 deposited May 25, 1984. 

45 Each recombinant plasmid was transformed into and propagated in £. colt (ATCC No. 39,607). 

Digestion of cloned globin genes with Alu\ or SfeNI 

Eight micrograms each of pBR:P A , pBR:p s , and pBR:6 were individually digested in a 100 pi volume 
with either 30 units of Alu\ (New England Bioiabs) for 1.5 hours at 37°C or 2.4 units of SfeNI (New England 
50 Bioiabs) overnight at 37°C in both cases using the buffer conditions recommended by the manufacturer. 
The digested DNA samples were ethanol precipitated and resuspended in TE buffer to a final concentration 
of 25 pmole/ml. 

Hybridization and digestion of cloned globin genes and the oligodeoxyribonucleotide probe 
55 Ten microliters (0.25 pmole) each of 4/t/l-digested or SfeNI-digested pBR:p A , pBR:p s , and pBR:5 were 
mixed with 5 pi kinased probe (0.10 pmole) and TE buffer to a final volume of 36 pi in a 1.5 ml Eppendorf 
Microfuge tube. The DNA was denatured by heating at 95°C for 10 minutes in a heat block, spun briefly in a 
Microfuge to remove condensation from the cap of the tube, and returned to the heat block. Four 
microliters of 1.5 M NaCI was added to the sample, mixed gently, and transferred to a fan-forced incubator 
50 set at 56°C and allowed to anneal for three hours. A fan-forced incubator is preferred over a heat block or 
water bath to promote uniform heat distribution and avoid condensation during the hybridization period. 

Four microliters of the unlabeled blocking oligomer HE10 (1.0 pmole), having the sequence: 
5'-AACCTCAAACAGACACCATGGTGGACCTGACTCCTGTGGA-3' and prepared as described above, was 
then added and the hybridization was continued for an additional 30 minutes at the same temperature. 
55 Four microliters of 60 mM MgCI 2 and one microliter of Dde\ (10 units, New England Bioiabs) were added 
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and the reannealed DNA was digested for 1 5 minutes at 56°C. The reaction was stopped by heating briefly 
at 95°C. 

Ten microliters of each sample was applied to a pre-coated, glass-backed silica gel thin layer 
chromatography plate (M-N Sil G-25 UV254®, Brinkmann Instruments), dried under a heat lamp, and 
5 developed overnight in a solvent composed of 45% n-propanol, 45% ammonium hydroxide, 10% water. 
The plate was then dried and autoradiographed with a single intensification screen overnight at -80°C. 

Discussion of the auto radiograph (Figure 5) 

Prior to the annealing with the 40-mer probe, the cloned genomic DNA for normal p-ojobin (pBR:p ), 

10 sickle cell p-globin (pBR:P s ) and 5-globin (pBR:5) was treated with the restriction enzyme Alu\ (30 units) 
which cuts the DNA into approximately the same size fragments as with treatment with restriction enzyme 
SfaHl When annealed to the 40-mer probe followed by treatment with the restriction enzyme Dde\, the 
Ddei site is reformed in the normal p-globin and 6-globin genes resulting in the formation of the trimer 
band as shown in Lanes 1 and 3. Because sickle cell p-globin contains the point mutation preventing 

is cleavage by Dde\, only a 40-mer band is seen in Lane 2 of the autoradiograph. 

Lanes 4 through 6 represent the same clones as in Lanes 1 through 3; however, treatment is with the 
restriction enzyme SfaH\ (2.4 units). The treatment with SfeNI removes the Ddei site from 5-globin which 
results in the formation of a trimer only when the normal (5-globin gene is present. As shown in the 
autoradiograph, treatment with SfeNI results in the synthetic probe being unable to reform the Dde\ site 

20 with y-globin. Since this site is also missing in sickle cell P-globin, a band representative of the trimer will 
be formed only when the probe is annealed to normal P-globin. 



Example II 

Use of genomic reconstructions to demonstrate the sensitivity of the method for detecting 
25 polymorphic restriction sites. 

Synthesis and phosphorylation of oligodeoxyribonucleotides 

The end-labeled oligodeoxyribonucleotide probe and its complementary blocking oligomer were 
prepared as described in Example I except that the final concentration of the kinased probe was adjusted to 
30 1 pmole/ml and the concentration of the blocking oligomer was 100 pmole/ml. 

Digestion of human genomic DNA with Dde\ 

Human genomic DNA homozygous for normal p-globin was extracted from the lymphoid T cell line 
Molt4 (Human Genetic Mutant Cell Repository, (HMCR), GM2219C) using previously described methods 
35 (Stetler et al., Proc. Nat Acad. ScL (1982), 79:5966-5970). 

One hundred micrograms of human genomic DNA were digested with 60 units of Dde\ (New England 
Bioiabs) using the buffer conditions recommended by the manufacturer. After overnight incubation at 37°C, 
the DNA was ethanol precipitated, dried under vacuum, and resuspended in 100 pi of TE buffer. 

40 Preparation of genomic DNA reconstructions 

Based on a human haploid genome size of 3x 1 0 9 base pairs, 20 ug of genomic DNA contains 1 0 tmole 
(1x10~ 8 pmole) of the p-globin gene. This is equivalent to two copies per diploid cell. 

To five 20 ug portions of flrfel-digested Molt4 DNA were added either 0 tmole, 5 tmole, 10 tmole, 20 
tmole, or 40 tmole of Sa/nHl-digested pBR:p A which represents zero, one, two, four, or eight copies of the 
45 p-globin gene per diploid cell, respectively. Final volumes of each were adjusted to 32 pi with TE buffer. 

Hybridization of genomic DNA reconstructions with the probe and digestion thereof 

The methods employed were essentially those described in Example I. Four microliters of kinased 
probe (0.004 pmole) was added to each 32 pi genomic reconstruction and denatured for 10 minutes at 95°C 
so in a heat block. The samples were spun briefly and returned to the heat block. Four microliters of 1.5 M NaCI 
was added to each tube, mixed gently, and transferred to a fan-forced incubator at 56°C and allowed to 

anneal overnight. . 

Four microliters of unlabeled blocking oligomer HE10 (0.4 pmole) was then added and the 
hybridization was continued for an additional 15 minutes at the same temperature. Four microliters of 60 
55 mM MgCI 2 and one microliter of Dde\ (10 units, New England Bioiabs) were added and the reannealed DNA 
was digested for 15 minutes at 56°C. The reaction was stopped by heating briefly at 95°C. 

Each sample was applied to a pre-coated, glass-backed silica gel thin layer chromatography plate (M-N 
Sil G-25 UV254®, Brinkmann Instruments) in four 12 pi serial applications, dried under a heat lamp, and 
developed overnight in a solvent composed of 45% n-propanol, 45% ammonium hydroxide, 10% water. 
60 The plate was then dried and autoradiographed with a single intensification screen for four days at -80°C. 

Discussion of the autoradiograph (Figure 6) 

Lanes 1 through 5 each contain 20 pg of Molt4 genomic DNA to which were added amounts of pBR:p A 
calculated to represent the genetic dosage if the p-globin gene were present at zero, one, two, four, and 
65 eight copies per diploid cell, respectively. 



9 



EP 0 164 054 B1 



Digestion of the Molt4 DNA with Dde\ prior to hybridization with the labeled probe renders that DNA 
unable to reform a Ddel site upon annealing to the probe and thus precludes the subsequent cleavage of 
that probe. This is demonstrated in Lane 1 where, in the absence of any exogenous pBR:0 A , no labeled 
trimer is observed. 

5 Lane 2 represents the signal intensity expected if the normal p-globin gene is present at one copy per 
diploid ceil and is equivalent to a heterozyous individual who carries the sickle-cell trait (P A P S ). 

Lane 3 represents the signal intensity expected if the normal 0-globin gene is present at two copies per 
diploid ceil and is equivalent to a normal homozygous individual (3 A P A ). 

Lane 4 and Lane 5 are included for comparison purposes only to provide a relative means of comparing 
w intensity of results. Normally individuals would not be found to possess either four or eight copies per 
diploid cell. 

Example 111 

Use of probe HE11 in genomic DNA 

75 Synthesis and phosphorylation of oligodeoxyribonucleotides 

The probe, HE11, and the blocking oligomer, HE12, shown in Figure 7, were synthesized according to 
the procedures given in Example I. In addition, the positive control oligomer, GH11, and its associated 
blocking oligomer, GH12, as identified in Figure 8, were synthesized by those same procedures. 
Five pmole each of HE11 and GH11 (10 pmole total) were labeled together with four units of T4 

20 polynucleotide kinase (New England Biolabs) and 50 pmole y~ 32 P-ATP (New England Nuclear, about 7200 
Ci/mmole) in a 40 ul reaction volume containing 70 mM Tris (pH 7.6), 10 mM MgCI 2 , 1.5 mM spermine, and 
2.5 mM dithiothreitol for 90 minutes at 37°C. The volume was then adjusted to 100 ul with 25 mM EDTA and 
purified over a P4 spin dialysis column as described in Example I. The labeled oligomers were further 
purified by electrophoresis on a 18% polyacryiamide gel (19:1 acrylamiderBIS, Bio Rad) in Tris-boric 

25 acid-EDTA (TBE) buffer (89 mM Tris, 89 mM Boric acid, 2.5 mM EDTA, pH 8.3) for 500 vhr. After localization 
by autoradiography, the portion of the gel containing the labeled HE11/GH11 was excised, crushed, and 
eluted into 0.2 ml TE buffer overnight at 4°C. TCA precipitation of the reaction product indicated that the 
reaction was about 70% complete (5.1 Ci/mmole) and that 35% (3.5 pmole) of the kinased oligomers was 
recovered from the gel at a concentration of 17.5 pmole/ml (8.75 pmole/ml each). 

30 The unlabeled HE12 and GH12 blocking oligomers were pooled and used at a concentration of 400 
pmole/ml (200 pmole/ml each). 

Isolation of human genomic DNA from cell lines 

High molecular weight genomic DNA was isolated from the lymphoid cell lines Molt4, SC-1, and 
35 GM2064 using essentially the method of Maniatis (Maniatis et al., Molecular Cloning (1982) 280—281). 
Molt4 as described in Example II is a T cell line homozygous for normal p-globin, and SC-1, deposited 
with ATCC on March 19, 1985 under the accession No. CRL 8756, is an EBV-transformed B cell line 
homozygous for the sickle cell allele. GM2064 (HMCR, GM2064) was originally isolated from an individual 
homozygous for hereditary persistence of fetal hemoglobin (HPFH) and contains no beta- or delta-globin 
40 gene sequences. All cell lines were maintained in RPM1-1640 with 10% fetal calf serum. 

Isolation of human genomic DNA from clinical blood samples 

Eight clinical blood samples (5—10 ml each) of known p-globin genotypes were obtained from Dr. 
Bertram Lubin of Children's Hospital in Oakland, California. They included normal homozygotes (AA), 

45 sickle cell carriers (AS), and sickle cell homozygotes (SS). To prevent experimental bias the samples were 
coded so that the genotypes were unknown. Genomic DNA was prepared from the buffy coat fraction, 
which is composed primarily of peripheral blood lymphocytes, using a modification of the procedure 
described by Nunberg et al., Proc. Nat Acad Sci., 75:5553—5556 (1978). 

The cells were resuspended in 5 ml Tris-EDTA-NaCI (TEN) buffer (10 mM Tris pH 8, 1 mM EDTA, 10 mM 

so NaCI) and adjusted to 0.2 mg/mi proteinase K, 0.5% SDS, and incubated overnight at 37°C. Sodium 
perch lorate was then added to 0.7 M and the lysate gently shaken for 1—2 hours at room temperature. The 
lysate was extracted with 30 ml phenol/chloroform (1:1), then with 30 ml chloroform, and followed by 
ethanol precipitation of the nucleic acids. The pellet was resuspended in 2 ml TE buffer and RNase A added 
to 0.005 mg/ml. After digestion for one hour at 37°C, the DNA was extracted once each with equal volumes 

55 of phenol, phenol/chloroform, and chloroform, and ethanol precipitated. The DNA was resuspended in 0.5 
ml TE buffer and the concentration determined by absorbance at 260 nm. 

Preparation of genomic DNA reconstructions 

For comparison purposes, reconstructions involving the addition of calculated amounts of cloned 
60 normal p-globin gene sequences to genomic DNA were done as described in Example II to approximate the 
genetic dosage of one, two, four, and eight copies per cell, with the exception that uncut SC-1 DNA was 
used as carrier instead of Ddel-cut Molt4. 

Hybridization/digestion of genomic DNA with probes/Otfe/ 
65 The methods employed were generally those described in Example I. Twenty micrograms of genomic 
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DNA was dispensed into a 1.5 Microfuge tube and the final volume adjusted to 30 ul with TE buffer. A 
mineral oil cap (about 0.1 ml) was then overlayed to prevent evaporation and avoid the necessity of a 
fan-forced incubator. The genomic DNA was denatured by heating at 95°C for 10 minutes. Ten microliters 
of 0.6M NaCI containing 0.04 pmole of labeled HE1 1/GH1 1 probe oligomers (0.02 pmole each) was added to 

5 the tube, mixed gently, and immediately transferred to a 56°C heat block for three hours. Four microliters of 
unlabeled HE12/GH12 blocking oligomer (0.8 pmole each) was added and the hybridization continued for 
an additional 20 minutss at the same temperature. Five microliters of 60 mM MgCI 2 and 1 ul of Dde\ (10 
units, New England Biolabs) were added and the reannealed DNA was digested for 20 minutes at 56°C. The 
reaction was stopped by the addition of 4 ul 75 mM EDTA and 6 ul tracking dye to a final volume of 60 ul. 

w The mineral oil was extracted with 0.2 ml chloroform and 18 ul of the reaction (6 ug genomic DNA) was 
loaded onto a 30% polyacrylamide mini-gel (19:1, Bio Rad) in a Hoeffer SE200 apparatus. The gel was 
electrophoresed at 300 volts for one hour until the bromphenol blue dye front migrated to 3.0 cm off-origin. 
The top 1.5 cm of the gel, containing the intact 40-mer probes, was cut off and discarded to reduce the 
amount of background during subsequent autoradiograpyy. The remaining gel was exposed for five days 

is with two intensification screens at -70°C. 

Discussion of autoradiograph of genomic DNA (Figure 9) 

Each lane contained 6 pg of genomic DNA. Lanes A, B and l-N contained the clinical samples 

designated CH1, CH2, CH3, CH4, CHS, CH6, CH7 and CH8, respectively; Lanes C and O contained control 
20 DNA from the normal p-globin cell line Molt4 described above; Lanes D and P contained control DNA from 

the sickle cell P-globin cell line SC-1 described above; Lanes E— H are reconstructions containing SC-1 to 

which were added amounts of cloned normal p-globin gene to approximately one, two, four and eight 

copies per cell, respectively. 

The Molt4and SC-1 control lanes demonstrate the kind of signal expected in normal homozygotes (AA) 
25 and sickle cell homozygotes (SS). The clinical samples CH3, CH4, CH5, CH6 and CH8 clearly lacked any 

signal trimer and are predicted to be sickle cell homozygotes (SS). The presence of a strong trimer in both 

CH1 and CH2 indicates that these individuals are normal (AA), whereas the slightly fainter signal in CH7 

suggests that this patient is a sickle cell carrier (AS). 

30 Example IV 

Use of probe HE1 1 in cloned DNA 

When probe HE11 was hybridized to the three cloned genes of Example I using the technique of this 
example and then digested, the 3-mer was produced only with normal P-globin and not with sickle cell 
P-globin or 5-globin, confirming that the probe was specific to normal P-globin. 

35 

Example V 

Sequential digestion of amplified genomic DNA 

Synthesis and phosphorylation of oligodeoxyribonucleotides 

The probe, RS06, and the blocking oligomer, RS10, shown in Figure 11 were synthesized according to 
40 the procedures given in Example I. RS06 was labeled and purified essentially as described in Example 111 to 
a specific activity of 4.9 Ci/mmole and final concentration of 20 pmole/ml. 

The unlabeled RS10 blocking oligomer was used at a concentration of 200 pmole/ml. 

Isolation of human genomic DNA from cell lines 
45 High molecular weight genomic DNA was isolated from the lymphoid cell lines Molt4, SC-1, and 
GM2064 as described in Example III. 

Isolation of human genomic DNA from clinical blood samples 

A clinical sample designated CH12 from a known sickle cell carrier (As) was obtained from Dr. Lubin 
so (see Example III), and DNA was extracted therefrom as described in Example III. 



Polymerase chain reaction to amplify selectively p-globin sequences 

Two micrograms of each of the four genomic DNAs described above was placed in an initial 100 pi 
55 reaction volume containing 10 mM Tris buffer (pH 7.5), 50 mM NaCI, 10 mM MgCI 2 , 150 pmole of Primer A 
of the sequence d(CACAG G GCACTAACG), and 150 pmole of Primer B of the sequence dfCTTTGCTTC- 
TGACACA) and overlayed with about 100 pi mineral oil to prevent evaporation. 

Each DNA sample underwent 15 cycles of amplification where one cycle is composed of three steps: 
1) Denature in a heat block set at 95°C for two minutes. 
60 2) Transfer immediately to a heat block set at 30°C for two minutes to allow primers and genomic DNA 
to anneal. 

3) Add 2 pi of a solution containing 5 units of the Klenow fragment of £ colt DNA polymerase I (New 
England Biolabs), 1 nmole each of dATP, dCTP, dGTP and TTP, in a buffer composed of 1 0 mM Tris (pH 7.5), 
50 mM NaCI, 10 mM MgCI 2 , and 4 mM dithiothreitol. This extension reaction was allowed to proceed for 10 
65 minutes at 30°C. 



11 



EP 0 164 054 B1 

After the final cycle, the reaction was inactivated by heating at 95°C for two minutes. The mineral oil 
was extracted with 0.2 ml of chloroform and discarded. The final reaction volume was 130 pi. 

Hybridization/digestion of amplified genomic DNA with probes and DdeUHinfi 

5 The methods employed were generally those described in Example 111. Forth-five microliters of the 
amplified genomic DNA was ethanol precipitated and resuspended in an equal volume of TE buffer. Ten 
microliters (containing the pre-amplification equivalent of 154 ng of genomic DNA) was dispensed into a 
1.5 ml Microfuge tube and 20 pi of TE buffer to a final volume of 30 pi. The sample was overlayed with 
mineral oil and denatured at 95°C for 10 minutes. Ten microliters of 0.6 M NaCI containing 0.02 pmole of 

io labeled RS06 probe was added to the tube, mixed gently, and immediately transfered to a 56°C heat block 
for one hour. Four microliters of unlabeled RS10 blocking oligomer (0.8 pmole) was added and the 
hybridization continued for an additional 10 minutes at the same temperature. Five microliters of 60 mM 
MgCI 2 /0.1 % BSA and 1 pi of Dde\ (10 units. New England Biolabs) were added and the reannealed DNA was 
digested for 30 minutes at 56°C. One microliter of Hind (10 units, New England Biolabs) was then added and 

is incubated for another 30 minutes. The reaction was stopped by the addition of 4 pi 75 mM EDTA and 6 pi 
tracking dye to a final volume of 61 pi. 

The mineral oil was extracted with 0.2 ml chloroform, and 18 pi of the reaction mixture (45 ng genomic 
DNA) was loaded onto a 30% poiyacrylamide mini-gel (19:1, Bio Rad) in a Hoeffer SE200 apparatus. The gel 
was electrophoresed at approximately 300 volts for one hour until the bromophenol blue dye front 

20 migrated to 3.0 cm off-origin. The top 1.5 cm of the gel was removed and the remaining gel was exposed 
for four days with one intensification screen at -70°C. 

Discussion of autoradiograph (Figure 14) 

Each lane contains 45 ng of amplified genomic DNA. Lane A contains Molt4 DNA; Lane B, CH12; Lane 

25 C, SC-1 ; and Lane D, GM2064. Molt4 represents the genotype of a normal individual with two copies of the 
P A gene per cell (AA), CH1 2 is a clinical sample from a sickle cell carrier with one P A and one (3 s gene per cell 
(AS), and SC-1 represents the genotype of a sickle cell individual with two copies of the p s gene per cell 
(SS). GM2064, which contains no beta- or delta-globin sequences, is present as a negative control. 
As seen in the autoradiogram, the 0<fel-cleaved, p A -specific octamer is present only in those DNA's 

30 containing the P A gene (Lanes A and B), and the ////7fl-cleaved, (3 s -specific trimer is present only in those 
DNA's containing the 0 s gene (Lanes B and C). The presence of both trimer and octamer (Lane B) is 
diagnostic for a sickle cell carrier and is distinguishable from a normal individual (Lane A) with only 
octamer and a sickle cell afflicted individual (Lane C) with only trimer. 

As a comparison, repeating the experiment described above using non-amplified genomic DNA 

35 revealed that the amplification increased the sensitivity of detection by at least 1000 fold. 

An experiment was performed to detect the absence of a sequence in genomic DNA amplified as 
described in Example V using probe RS06, which contains the invariant Hini\ site. The trimer Hini\ cleavage 
product was detected if 0-globin was present in the DNA but was not detected when 0-globin was deleted. 
The allele of P-globin encoding the p c chain cannot be distinguished from the p A allele by RFLP 

40 analysis because the nucleotide substitution that gives rise to the p c chain is in the N position of the Dde\ 
(Msti\, Cvn\, Saul) recognition sequence CTNAG. Thus, the endonuclease cleaves both P A and P c alleles 
although the actual sequences within the restriction site are different. The specificity of the oligonucleotide 
restriction method herein is based on the ability of a mismatch within the restriction site to abolish or 
significantly inhibit cleavage. Therefore, an end-labeled oligonucleotide probe based on the 0 A sequence 

45 should be cleaved if it hybridizes to a P A genomic sequence but not to a p s or p c sequence. Conversely, an 
end-labeled oligonucleotide probe based on the p c sequence should be cleaved if it hybridizes to a p c 
genomic sequence but not to a p A or p s . Thus, the oligomer restriction method herein allows for the 
detection of the p c allele and, thus, for the diagnosis of AC carriers and the clinically significant SC 
condition. 
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Deposit of materials 

The following clones and cell line were deposited with the American Type Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Maryland, 20852 USA. 

ATCC Accession No. 



55 


Cell line 








or clone 


CMCC# 


Date of deposit 




pBR:p A 


2036 


May 25, 1984 




pBR:p s 


2037 


May 25, 1984 


60 


pBR:6 


2038 


May 25, 1984 




SC-1 


0082 


March 19, 1985 



39,698 
39,699 
39,700 
CRL 8756 

The deposit of clones pBR:p A , pBR:P 8 and pBR:5 and cell line SC-1 were made pursuant to a contract 
between the ATCC and the assignee of this patent application, Cetus Corporation under the terms of the 
55 Budapest treaty. The assignee of the present application has agreed that if the clones or cell line on deposit 
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should die or be lost or destroyed when cultivated under suitable conditions, they will be promptly 
replaced on notification with a viable culture of the same clone or cell line. 

In summary, the oligomer restriction method herein detects the presence or absence of a specific 
restriction site in a specific nucleic acid sequence defined by the sequence of a oligonucleotide probe. For 

5 detection of sickle cell anemia, the absence of a polymorphic restriction site is diagnostic. The inability to 
detect a specific restriction site which is not genetically polymorphic but is invariant is, thus, diagnostic of 
the absence of the sequence complementary to the probe. An example is the detection of the invariant Hinfl 
site in the (J-globin specific oligodeoxyribonucleotide probe RS06 by the presence of the trimer rV/Vrfl 
cleavage product derived from 3 A and 0 s genomic DNA but not from genomic DNA of a p-globin deletion. 

io Thus, this approach could be used to detect the absence of specific genes (e.g., a-globin) for the clinical 
diagnosis of a-thalassemia (hydrops foetalis). Similarly, this approach could be used to detect the presence 
of a specific sequence, for example, a pathogen-specific DNA sequence present in a clinical sample for 
infectious disease diagnosis, e.g., Chlamydia and Salmonella. 

75 

Claims 

1. A method for detecting the presence or absence of at least one specific restriction site in a specific 
nucleic acid sequence characterized by the steps of: 

20 (a) hybridizing said nucleic acid sequence with a non-immobilized oligonucleotide probe of sufficient 
length to obtain specific hybridization under stringent conditions for each restriction site being detected 
which probe is complementary to a region in said nucleic acid sequence spanning the respective restriction 
site of the probe and which probe is labeled at the end nearer said respective restriction site; 

(b) digesting said hybridized nucleic acid sequence with a restriction endonuclease for each probe 
25 which is capable of cleaving its respective probe at said restriction site being detected so as to produce 

labeled and unlabeled oligomer fragments, where the label is the same as that on the probe; 

(c) separating any labeled cleaved oligomer fragments from labeled uncleaved oligomers; and 

(d) detecting the presence or absence of labeled oligomer fragments. 

2. A method according to claim 1 characterized in that it is a method for detecting the presence of a 
30 restriction site known to be associated with an infectious disease. 

3. A method for detecting the presence or absence of one or both alleles of a polymorphic restriction 
site in a specific nucleic acid sequence characterized by the steps of: 

(a) hybridizing said nucleic acid sequence with an oligonucleotide probe of sufficient length to obtain 
specific hybridization under stringent conditions which is complementary to a region in said nucleic acid 

35 sequence spanning a first restriction site present in only one allele and a second restriction site common to 
both alleles, and which probe is labeled at the end which is nearer to one of said restriction sites; 

(b) digesting said hybridized nucleic acid sequence with a first restriction endonuclease which is 
capable of cleaving said probe only at said first restriction site so as to produce labeled and unlabeled 
oligomer fragments, where the label is the same as that on the probe; 

40 (c) digesting said digest from step (b) with a second restriction endonuclease which is capable of 
cleaving said probe only at said second restriction site so as to produce labeled and unlabeled oligomer 
fragments, where the label is the same as that on the probe; 

(d) separating any labeled cleaved oligomer fragments from uncleaved oligomers; and 

(e) detecting the presence or absence of labeled fragments of particular base lengths consistent with 
45 cleavage by the first or second restriction endonucleases. 

4. A method according to claim 3 characterized in that said disease is sickle cell anemia, said first 
restriction site is Dde\ present in normal p-globin but absent in sickle cell 3-globin, and said second 
restriction site is Hinfi present in both normal and sickle cell 3-globin. 

5. A method according to any one of claims 1—4 further characterized in that after step (a) and before 
so step (b) the method is characterized by the steps of: 

(a') adding to the hybridization mixture from step (a) an unlabeled blocking oligomer complementary 
to each probe except for at least one base pair mismatch at each restriction site being detected; and 
{a") hybridizing said hybridization mixture in the presence of said blocking oligomer. 

6. A method according to any one of claims 1—5 characterized in that said restriction site is 
55 polymorphic and said hybridization step is carried out in the presence of a positive control oligomer which 

anneals to a region of said nucleic acid sequence which region contains a nonpolymorphic restriction site 
for said restriction endonuclease. 

7. A method according to any one of claims 1—6 characterized in that said nucleic acid sequence is a 
DNA sequence and said probe is an oligodeoxyribonucleotide. 

so 8. A kit for the rapid detection of the presence or absence of at least one specific restriction site in a 
specific nucleic acid sequence characterized by: 

fa) a non-immobilized oligonucleotide probe of sufficient length to obtain specific hybridization under 
stringent conditions for each restriction site being detected which probe is complementary to a region in 
said nucleic acid sequence spanning the respective restriction site of the probe and which probe is labeled 

65 at the end nearer said respective restriction site; and 
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(b) a restriction endonuciease for each probe which is capable of cleaving said probe at said restriction 

site. 

9. A kit according to claim 8 further characterized by an unlabeled blocking oligomer complementary to 
each probe except for at least one base pair mismatch at said restriction site. 
s 1 0. A kit for detecting the presence or absence of one or both alleles of a polymorphic restriction site in 
a specific DNA sequence characterized by: 

(a) an oligodeoxyribuncleotide probe of sufficient length to obtain specific hybridization under 
stringent conditions which is complementary to a region in said DNA sequence spanning a first restriction 
site present in only one allele and a second restriction site common to both alleles and which probe is 

w labeled at the end nearer one of said restriction sites; 

(b) a first restriction endonuciease which is capable of cleaving said probe only at said first restriction 
site; and 

(c) a second restriction endonuciease which is capable of cleaving said probe only at said second 
restriction site. 



Patentanspruche 

1. Verfahren zum Nachweis des Vorliegens oder der Abwesenheit von mindestens einer spezifischen 
20 Restriktionsspaltstelle in einer speziftschen Nucleinsauresequenz, das durch die folgenden Stufen 

gekennzeichnet ist: 

(a) Hybridisierung der Nucleinsauresequenz mit einer nicht-immobilisierten, fur eine spezifische 
Hybridsierung unter stringenten Bedingungen ausreichend langen Oligonucleotid-Sonde fur jede 
nachgewiesene Restriktionsspaltstelle, die zu einem Bereich in der Nucleinsauresequenz komplementar ist, 

25 der die betreffende Restriktionsspaltstelle der Sonde uberstreicht und die am zu der entsprechenden 
Restriktionsspaltstelle naher gelegeneh Ende markiert ist; 

(b) Spaltung der hybridisierten Nucleinsauresequenz mit einer Restriktionsendonuclease fur jede 
Sonde, die ihre entsprechende Sonde an der nachgewiesenen Restriktionsspaltstelle spalten kann, so daB 
markierte und nicht markierte Oligomer-Fragmente entstehen, wobei die Markierung dieseibe wie die der 

30 Sonde ist; 

(c) Abtrennung aller markierten, gespaltenen Oligomer-Fragmente von markierten, nicht gespaltenen 
Oligomeren; und 

(d) Nachweis des Vorliegens oder der Abwesenheit von markierten Oligomer-Fragmenten. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB es ein Verfahren zum Nachweis des 
35 Vorliegens einer Restriktionsspaltstelle ist, die bekanntermaBen mit einer Infektionskrankheit assoziiert ist. 

3. Verfahren zum Nachweis des Vorliegens oder der Abwesenheit von einem oder beiden Allelen einer 
polymorphen Restriktionsspaltstelle in einer spezifischen Nucleinsauresequenz, das durch die folgenden 
Stufen gekennzeichnet ist: 

(a) Hybridisierung der Nucleinsauresequenz mit einer fur eine spezifische Hybridisierung unter 
40 stringenten Bedingungen ausreichend langen Oligonucleotid-Sonde, die zu einem Bereich in der 

Nucleinsauresequenz komplementar ist, der eine erste in nur einem Allel vorliegende Restriktionsspalt- 
stelle und eine zweite in beiden Allelen vorliegende Restriktionsspaltstelle uberstreicht, und die an dem zu 
einer der Restriktionsspaltstellen naher gelegenen Ende markiert ist; 

(b) Spaltung der hybridisierten Nucleinsauresequenz mit einer ersten Restriktionsendonuclease, die 
45 die Sonde nur an der ersten Restriktionsspaltstelle spalten kann, so daB markierte und nicht markierte 

Oligomer-Fragmente gebildet werden, wobei die Markierung dieseibe wie die der Sonde ist; 

(c) Spaltung des Spaltungsproduktes aus Stufe (b) mit einer zweiten Restriktionsendonuclease, die die 
Sonde nur an der zweiten Restriktionsspaltstelle spalten kann, so daB markierte und nicht markierte 
Oligomer-Fragmente gebildet werden, wobei die Markierung dieseibe wie die der Sonde ist; 

so (b) Abtrennung aller markierten, gespaltenen Oligomer-Fragmente von nicht gespaltenen Oligomeren; 
und 

(e) Nachweis des Vorliegens oder der Abwesenheit von markierten Fragmenten bestimmter 
Basenlangen, die zur Spaltung durch die erste oder die zweite Restriktionsendonuclease passen. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daS die Krankheit Sichelzellenanamie ist, die 
55 erste Restriktionsspaltstelle eine in normalem-p-Globin vorliegende, jedoch in Sichelzellen-g-Globin 

fehlende Ddel-Restriktionsspaltstelle ist, und daB die zweite Restriktionsspaltstelle eine sowohl in 
normalem als auch im Sichelzellen-p-Globin vorliegende Hinfl-Spaltstelle ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, das auSerdem dadurch gekennzeichnet ist, daB nach 
Stufe (a) und vor Stufe (b) das Verfahren gekennzeichnet ist durch die Stufen 

60 (a') Zugabe eines nicht markierten, blockierenden Oligomers zum Hybridisierungs-Gemisch aus Stufe 
(a), das zu jeder Sonde, mit Ausnahme mindestens einer Basenpaar-Fehlpaarung in jeder nachgewiesenen 
Restriktionsspaltstelle komplementar ist; und 

(a") Hybridisierung des Hybridisierungs-Gemisches in Gegenwart des blockierenden Oligomers. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB die Restriktionsspalt- 
55 stelle polymorph ist und die Hybridisierung s-Stufe in Gegenwart eines positiven Kontroll-Oligomers 
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durchgefuhrt wird, das an einen Bereich von Nucleinsauresequenz angelagert wird, der eine nicht- 
polymorphe Restriktionsspaltstelle fur die Restriktionsendonuclease enthalt. 

7. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daft die Nucleinsauresequenz 
eine DNA-Sequenz ist und die Sonde ein Oligodesoxyribonucleotid 1st. 
5 8. Besteck zum raschen Nachweis des Vorliegens oder der Abwesenheit mindestens einer spezifischen 
Restriktionsspaltstelle in einer spezifischen Nucleinsauresequenz, gekennzeichnet durch: 

(a) eine nicht-immobiiisierte, fur eine spezifische Hybrid isierung unter stringenten Bedingungen 
ausreichend lange Oligonucleotid-Sonde fur jede nachgewiesene Restriktionsspaltstelle, die zu einem 
Bereich in der Nucleinsauresequenz komplernentar ist, der die betreffende Restriktionsspaltstelle der 

10 Sonde uberstreicht, und die am zur betreffenden Restriktionsspaltstelle naher gelegenen Ende markiert ist; 
und 

(b) Restriktionsendonuclease fur jede Sonde, die die Sonde an der Restriktionsspaltstelle spalten kann. 

9. Besteck nach Anspruch 8, das aufterdem dadurch gekennzeichnet ist, daft es ein zu jeder Sonde mit 
Ausnahme von mindestens einer Basenpaar-Fehlpaarung an der Restriktionsspaltstelle komplementares, 

is nicht markiertes, blockierendes Oligomer enthalt. 

10. Besteck zum Nachweis des Vorliegens oder der Abwesenheit von einem oder zwei Allelen einer 
polymorphen Restriktionsspaltstelle in einer spezifischen DNA-Sequenz, gekennzeichnet durch: 

(a) eine fur eine spezifische Hybridisierung unter stringten Bedingungen ausreichend lange 
Oligonucleotid-Sonde, die zu einem Bereich in der DNA-Sequenz komplernentar ist, der eine erste, in nur 

20 einem Allel vorliegende Restriktionsspaltstelle und eine zweite, in beiden Allelen vorliegende Restriktions- 
spaltstelle uberstreicht, und die am zu einer der Restriktionsspaltstellen naher gelegenen Ende markiert ist; 

(b) eine erste Restriktionsendonuclease, die die Sonde nur an der ersten Restriktionsspaltstelle spalten 
kann; und 

(c) eine zweite Restriktionsendonuclease, die die Sonde nur an der zweiten Restriktionsspaltstelle 
25 spalten kann. 

Revendications 

1 . Proc§d6 pour detecter la presence ou I'absence d'au moins un site de restriction specifique dans une 
30 sequence specifique d'acides nucleiques, caracterise par les stades de: 

(a) hybridization de ladite sequence d'acides nucleiques avec une sonde d'oligonucleotide non 
immobilisee de longueur suffisante pour obtenir une hybridation specifique dans des conditions 
rigoureuses pour chaque site de restriction a detecter, laquelie sonde est complementaire d'une region de 
ladite sequence d'acides nucleiques couvrant le site de restriction respectif de la sonde et laquelie sonde 

35 est marquee a I'extremite la plus proche dudit site de restriction respectif; 

(b) digestion de ladite sequence d'acides nucleiques hybridee avec une endonuclease de restriction 
pour chaque sonde capable de diver la sonde respective audit site de restriction a detecter, de fagon a 
produire des fragments oligomeres marques et non'marques dont le marquer est le meme que celui de la 
sonde; 

ao (c) separation de tous les fragments oligomeres dives marques d'avec les oligomeres non dives 
marques; et 

(d) detection de la presence ou de I'absence de fragments oligomeres marques. 

2. Procede seion la revendication 1, caracterise en ce qu'il est un precede pour detecter la presence 
d'un site de restriction connu pour etre associe a une maladie infectieuse. 

45 3. Procede pour la detection de la presence ou I'absence d'un ou des deux alleles d'un site de 
restriction polymorphe dans une sequence specifique d'acides nucleiques, caracterise par les stades de: 

(a) hybridation de ladite sequence d'acides nucleiques avec une sonde d'oligonucleotide de longueur 
suffisante pour obtenir une hybridation specifique dans des conditions rigoureuses, qui est 
complementaire d'une region de ladite sequence d'acides nucleiques couvrant un premier site de 

so restriction present dans un seul allele et un second site de restriction commun aux deux alleles et laquelie 
sonde est marquee a I'extremite qui est la plus proche d'un desdtts sites de restriction; 

(b) digestion de ladite sequence d'acides nucleiques hybridee avec une premiere endonuclease de 
restriction qui est capable de cliver ladite sonde uniquement audit premier site de restriction de facon a 
produire des fragments oligomeres marques et non marques dont le marqueur est le meme que celui de la 

55 sonde; 

(c) digestion dudit produit de digestion du stade (b) avec une seconde endonuclease de restriction qui 
est capable de cliver ladite sone uniquement audit second site de restriction, de fagon a produire des 
fragments oligomeres marques et non marques, dont le marquer est le meme que celui de la sonde; 

(d) separation de tous les fragments oligomeres dives marques d'avec les oligomeres non dives; et 
eo (e) detection de la presence ou de I'absence de fragments marques de longueurs de bases particuiieres 

compatibles avec le clivage par la premiere ou !a seconde endonucleases de restriction. 

4. Procede selon la revendication 3, caracterise en ce que ladite maladie est I'anemie drepanocytaire, 
ledit premier site de restriction est Dde I present dans la p-globine normale mais absent dans la p-globine 
drepanocytaire et ledit second site de restriction est Hint I present a la fois dans la p-globine normale et la 
es P-globine drepanocytaire. 
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5. Procede selon Tune quelconque des revendications 1 a 4, caracterise de plus en ce que, apres le 
stade (a) et avant le stade (b), le procede est caracterise par les stades de: 

(a') addition au melange d'hybridation du stade (a) d'un oligomere bloquant non marque 
complementaire de chaque sonde a ('exception d'au moins un mesappariement sur chaque site de 
s restriction a detecter; et 

(a") hybridation dudit melange d'hybridation en presence dudit oligomere bloquant 

6. ProcedS selon Tune quelconque des revendications 1 a 5, caracteris6 en ce que ledit site de 
restriction est poiymorphe et ledit stade d'hybridation est effectue en presence d'un oligomere temoin 
positif qui s'associe a une region de ladite sequence d'acides nucleiques, ladite region contenant un site de 

10 restriction poiymorphe pour ladite endonuclease de restriction. 

7. Procede selon Tune quelconque des revendications 1 a 6, caracteris6 en ce que ladite sequence 
d'acides nucleiques est une sequence d'ADN et ladite sonde est un oligodesoxyri bo nucleotide. 

8. Trousse pour la detection rapide de la presence ou de I 'absence d'au moins un site de restriction 
specifique dans une sequence specifique d'acides nucleiques, caracterise par: 

is (a) une sonde d'oligonucleotide non immobilisee de longueur suffisante pour obtenir une hybridation 
specifique dans des conditions rigou reuses pour chaque site de restriction a detecter, taqueile sonde est 
complementaire d'une region de ladite sequence d'acides nucleiques couvrant le site de restriction 
respectif de la sonde et laquelie sonde est marquee a I'extremite la plus proche dudit site de restriction 
respectif; et 

20 (b) une endonuclease de restriction pour chaque sonde qui est capable de diver ladite sonde audit site 
de restriction. 

9. Trousse selon la revendication 8, caracterisee de plus par un oligomere bloquant non marque 
complementaire de chaque sonde a ('exception d'au moins un mesappariement sur ledit site de restriction. 

10. Trousse pour la detection de la presence ou de I' absence d'un ou des deux alleles d'un site de 
25 restriction poiymorphe d'une sequence specifique d'ADN, caracterisee par: 

(a) une sonde d'oligodesoxyribonucleotide de longueur suffisante pour obtenir une hybridation 
specifique dans des conditions rigoureuses, qui est complementaire d'une region de ladite sequence 
d'ADN couvrant au moins un site de restriction present dans un seul allele et un seul site de restriction 
commun aux deux alleles, laquelie sonde est marquee a I'extremite la plus proche d'un desdits sites de 

30 restriction; 

(b) une premiere endonuclease de restriction qui est capable de diver ladite sonde uniquement audit 
premier site de restriction; et 

(c) une seconde endonuclease de restriction qui est capable de diver ladite sonde uniquement audit 
second site de restriction. 

35 



45 



50 



65 



16 



EPO 164 054 B1 



CD 



< 



O O 2? 



p 



= o i u < 

o o> V) 

O C f- 



p: g g 
Iff I s 

CD < C 

o 

OOiU 

^ o ° 

go a 



i 



o o 



s 



0) 

-D U 



1 



EPO 164 054 B1 



<9 



St 

S2 

23 

gf 
32 

o <-> 

32 
23 

eg o 

23 
<>- 

o <a 
CM 3f2 

Q So 

LL 



23 

IS 



2 

s - 

5 o 

C3 O 

? J 



u 

o 5 
22 
32 

23 

O CD 

32 

»- < 



O 0)1 CD O 

vol op 



Q3 



S£ 

o p 

St 

p cs 

O C9 
O CD 



vol 

(A 



5 2: 



as 
S 

X 

c 

It 

cs a. 
i 



O CL 



s 



35 

.22 
cs a. 



is 

55- 



C 

-DO 

O LU 



C9 

if 

So 



■§s 



o 

»— u 
#— a. 

So 

51 



•2,. 

is 

I I 



2 



EPO 164 054 B1 



C 
< 

c 

o 



O 0) 

CQL'f— 
CO 



0) <+- 
J* 

u c 
i- o 

CO 



LL 



CJ 
X o 

< 

cj 



CJ 



o 

g 

o 
cj 
< 



cj 

OS 



CD 
< 
CD 
CD 
< 

JS 
cjl 
cj 



cj * 



o 

i— V) 
CO 0) 

i a 

CO. c 
0) 

»— 3 

1? 

C to 



01 -Q 
CD 

o «o 



</» e 
t- o 

o 
o 



CD 

< 

CJ 
CJ 

< 
a 
< 

< 
< 
< 



O 



CD 
I 



E 
o 



CD 

B 
< 

cj 

a 

< 

CD 

o 
< 

<■ 
< 

H 

o 
cj 



to 



J3 

o 



CD 
I 



CD 

< 

O 

u 
< 

< 

CD 
< 

< 



o 

CJ 



o 

CD 
I 



0) r- 



CO. 



> 



o 

•V- 

to 



o 



5 



0) 

u 
c 

0) 

c 



01 



■ 



< < 

CJ w 
0) 

f- CO 

to 



0)1 

s] 

M 



<0 

to 



3 



EPO 164 054 B1 



c 

I 



O 

LL 



° « 

u 2 



i s. 
1 • 



« 40 1 



I 

S3 

lo cd 
cj cd 



_ cj 
h- < 
o cd 

as 

p < 

< H- 

CJ CD 

cj cd 
<>- 
cj o 



pS 
2P 



(SO. 
I 

CD. O 



U 

o> 

O CL 

<0 



u 



S 

cd * 

. CD CJ 
l CD CJ 



p§ 
3p 

CD O 
CJ 3 

CJ CD 
CD O 
h- < 
CD CJ 

S CD 

CD p 



pS 

CJ CD 



Km* 

3 
O CD 



pS 

O CD 
XH-CD 

< *z 

n 

CD CJ 

< *~ 

O CD 

CJ CD 



< *z 
P§ 



CO UJ 

o 

XI u 

o a. 

3 o 

i— • •»» 
^p- O 
o »— 01 
f a> a 

to cj <o 



Xi Xi 

22 

cd a. 

go 
o o. 



o 
c 

i 

CO 

-a 

0) 



X? 



o S cj *3 



E = 

O 0) 

**- o> 
<i> e 

*i 

is 

I 



3 i— 

£E 

O 



0)0 

o 



+J AS 
f- 0J 

*§ 

o 

0> 
*J Xt 
(A O 
0) ^ 

-o cj 
Su 

0) <A 

Xf 0) 
3 X 
CO 4-> 



u 

4-> 



a- 



0} 

CO 



I 



0) 
Xi 

■ 



4 



EPO 164 054 B1 



FIG.5 

1 2 3 4 5 6 

TRIMER: 



40-MER. 




n 



p A (3 s £ 3 A 0 s S 



FIG.14 
A B C D 



8-MER 
3-MER 



5 



EPO 164 054 B1 

FIG.6 




:TRIMER 



40-MER 



(3 A 1 2 3 4 5 



6 



EPO 164 054 B1 




7 



EP 0 164 054 B1 




8 



EPO 164 054 B1 




9 



EPO 164 054 B1 



RG.10 

sssss...— 

CATGGTGCACCTGAC TCC TGAGGAGAAG TCTGCCG TTACTGCCC TBTSG6GCAA6GTGAA 
G TACCACG TGGAC TGAGGAC TCC TC TTC AGACGGCAA TGACGGGACACCCCGTTCCAC TT 



p s CATGGTGCACCTGAC TCC TG TGGAGAAG TCTGCCG TTACTGCCC TGTGGGGCAAGGTGAA 
G TACCACG TGGAC TGAGGACACC TC TTCAGACGGCAA TGACGGGACACCCCG TTCCAC TT 



* Harks the mutation (A to T) in the sickle cell gene which disrupts 
the Odel site 



FIG. 11 



RS06: 5' *C TGAC TCC TGAGGAGAAG TC TGCCGTTAC TGCCC TG TGGG 3' 
HQ1: 5' * TCC TGAGGAGAAG TC TGCCG TTAC TGCCC TG TGGGGCAAG 3' 



RS06: *C TG AC TC C TGAGGAGAAG TC TGCC G TTAC TGC CC TG TGGG 

IIIHllJlllllfllUllllllllllilljllllllll 

p(-) : GTACCACGTGGACTGAGGACTCCTC TTCAGACGGCAA TGACGtiGACACCCCGTTCCACTT 



RS06: 5' *C TGAC TCC TGAGGAGAAG TC TGCCG TTAC TGCCC TG TGGG 3' 

ncin „ HI (HI I 1 1 1| 1 1 1 1 1 1 f 1 1 1 tl 1 1 1 1 1 1 1 1 1 f 1 1| 

RS10: 3' GACAGAGG TCACC TC TTCAG ACGGC AA TG ACGGG AC ACCC 5' 
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